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An Active Particle Accelerator

T. Goldman

Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM S7545

Abstract

Although astatic charge is difficult to maintain on macroscopic par-

ticles, it is straightforward to coustruct a small object with a regularly

oscillating electric dipole moment. Forobjectqof agivcn size, one may

then construct an accelerator by appropriately matching the flcquency

and separations of an external array of electrodes to this size, Physically

feasible size ranges, an accelerator design, and possible applications of

such systems are discussed,

Introduction

I



field is generated in the moving object in addition to, or rather than, in the roadbmi.

(Static fields on board do not qualify as representations of the effect we have in mind,

not even the approximately constant currents in rail guns[7]. ) This concept of an

active accelerated particle may also be t.pplied to electrically polarized objects as we

now show. The following may by no means be the aptimal configuration. R.athcr, it

isonly intended to provide an existence proof by construction.

Basic Design

Consider a sma!l

a hollow ellipsoid

but macroscopic particle of Iengti, d. For convenience, ll~t it tw

of revolution. made of an insulating material. We will coat thv

tips with a co~~rlucting material, and attach wires (waveguides if nccmsarv) frcm

the interior through the surfaces to contact these conducting tips. Ill t.hc interim is a

power supply ,battery) and oscillator circllitry to produce the highest feasible voltage

differcmce between the ps varying at a frequency /.

Lt~t this active particle be injected, with its oscillator at a sptwific phase, into all

accrleriitor consisting of a sc:ies of conducting rings clriven at a frcqwncy

l“’= ;l

witlI .aIt(’rnate rings coIIIled,(’.l to opposite sidcw of the driving oscillator. ‘1’llc ring

suparatmn. D, mllst IN grrator than d, and ~qual to the distancr t.ravrllwl I)y IIlr

;wtivc particle ,at ills instantaneous vrlocity, t); that is

11 = ~;ll.

‘I’ll{’Iilttor ron:iitiol] lllay tw iU’hiCSWflhy in(hr~wsillg 1) grwlllidly, or (’ll;lilgil~:: J illlll

l’. ‘! ’11(” Iirst nwthod is illitiall~ sillil)lvr, IIIIL Illl,ill)al,(’ly IIIIISI. 1(’ilt] I(I iI (1(’(’r(’iisit]g

;ic(wl(’rat,itlg Iifd(l St rm)gt II as tlw ring wy)aration grow~, ‘I”lw Iitllt.vr rvflllir~w n l)rfwis(*ly

l)r~)gr;l’i,[lw(l fr(vlluvlcy sllifl {w fl(’tilv’ l’{)tlllllllill~kl,i{)ll with llw Imrliflc illlliglll (stw

lM*lIw), “I-lw ;It.f’l’1(’r;ll,iolll]r{)((WSis (I(q)i(-l(vl (~mwwm-nl cy(’hw ill l,llt~I:igllrvs,



Notice that the oscillating polarization is in no way equivalent to a rotating elec-

trostatic dipole. In that case again, the fixed charges will sooner or later attract others

to neutralize them. Only the forced dipole charge oscillation keeps stray charges from

accumulating and neutralizing the charge separation needed for ac~eleration.

Acceleration Scale

Since we are considering acceleration of macroscopic bodies, the time scales involved

are likely slow on the scale of electromagnetic phenomena. Thus we assume only

modest potential differences, say of order 5 x 105 V, between the accelerating elec-

trode loops separated by perhaps 20 cm., and do not depend on sophisticated time

dependences[6] to prevent arcing and breakdown. More nlodest voltage (Iilrcrences,

say 2 x 104 V., may he achieved across Lhe snlalkr but comparably sized, say 5 cm.

in leligth, active particle. With these voltages setting the scales, wc find :tccd(!rating

forms greater than 0.5 N to be entirely conceivable. For active particle Ill,wses of

order 10 g,, this (.Orr(?slKJllds tCJ~CcCkratkJnS Of order !!)()Ill s-z. ],arK(’r for~(?3 and

accclmations may w(EIIbe possible,

Injection

St.nl)ilizntioll



in the accelerating loops, as well as longitudinally in phase with the linear accelerating

fields.

Trans~~erse stabilization is very different here from that needed in accelerating a

disconnected collection of charges. It is not sextuples or octupoles that are needed

here to reconverge straying dipolar particles. Rather, the entire object must Le con-

strained to avoid crashing into the edges of the acceleration loops. Spin stabiliza-

tion (rifling) probably remains the best initial prospect for transverse stabilization of

macroscopic bodies. This may be achieved, for example, by means of lightw~ igllt t ail-

fins responding to a transverse air circulation just before injection commtmces. These

may then be sheared off at the ‘choke’ at the end of the compressed gas injection

region, if they would interfere with the later acceleration procms.

For longitudinal stabilization, one needs to sense the location of the active par-

ticle in the accelerator. For this, it is cntirclv conceivable that the standard phase

stabilization procedure is still applicahlc, trading off some accelerating voltage for

increased stability. Uy choosing a point slightly o!T (ahead of) the lnaxirnum intcr-

Plm trode voltage in tlw oscillator cycle, tlw active particle receives a stronger boost

if it is a little behind where it should be for matching to the ne--t section, and a Iittlt’

wraker boost if it is a hit ahead.

[n th(’ Iongrr twill, one may find it mm ml~vuimt instewl to (moll]lllllllllli(mat(:will)

the adiw: particlc[~]. locating it hy itfl rcflcrl ion of Iasur Iwams, an(l I)y tralhilllillting,

1)(’twm’11acwlcration lmq)s, comnlan(ls to its ow’ill,m.tor circuitry I)y t’llt-oflml Iigllt

l)lllsm s(’llt 10 a rw-.vivm circling its mi(ldlc.

Additional Considerations

\\’ll;lt is t Il@ udul Hiw range 01”actiw l)iirtiClf’S for sllcll ;t(”f’t’lt’r;ll,t]rs’!



twen these extremes lies a large range of interesting possibilities. Of course, it is

necessary first to make a proof-of-principle working prototype, even if only of a few

stages of acceleration. This has not yet been accomplished.

,’)
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Figure Captions

O) ~ maximum field strength configuration. I’he acc(!lerating loop electrodes are ~“

before the maxima in their oscillator cycle. The active particle is at maximum

in its oscillator cycle. Accelerating force is at maximum.

1) The voltage difference across the active particle is zero, hut the accelerating

loops are only (45 - c)” through their cycle, with a voltage reduced from maxi-

mum by almost W.

2) The accelerating loops have almost zero voltage, and the active particle is at

maximum reversed polarization.

3) /\s in 1), but with accelerating loop voltage increasing.

4) As in O). Cycle complete.

.5)-8) Repetition of cycle elements shown in 1)-4).
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